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Description 
EXTENDABLE BELT CONVEYOR 

Cross Reference to Related Applications 

[0001] This application claims priority from United States provi- 
sional patent application Ser. No. 60/319,783, filed on 
December 13, 2002, the disclosure of which is hereby in- 
corporated herein by reference in its entirety. 
Background of Invention 

[0002] The present invention is directed to an extendable con- 
veyor, such as a truck loader and/or unloader. While it 
may be useful with other types of extendable conveyors, 
the present invention is particularly useful in such a con- 
veyor wherein the mechanically extendable section is sup- 
ported in a cantilevered fashion by a support structure. 

[0003] Extendable conveyors and, in particular, cantilevered sup- 
ported extendable conveyors are known in the art. An ex- 
ample is disclosed in commonly assigned United States 
Patent 5,351,809, the disclosure of which is hereby incor- 
porated herein by reference. Because the extendable sec- 



tion is supported in a cantilevered fashion, it can be read- 
ily extended into, for example, a truck trailer in order to 
load and/or unload the trailer without regard for the con- 
dition of the floor of the trailer. One form of such an ex- 
tendable conveyor has utilized a conveyor belt which is 
reeved with the booms of the extendable section in order 
to either supply articles to load the trailer or to withdraw 
articles to unload the trailer. In addition, a series of chains 
are utilized to either extend or retract the extendable sec- 
tion. Such an extendable conveyor as known in the '809 
patent is fabricated from sheet metal members which are 
welded together in order to form the sections making up 
the mechanically extendable section. 
[0004] while truck warehouses are often constructed with ele- 
vated docks, so that the floor of the trailer is at the same 
elevation as the warehouse floor, not all warehouses are 
constructed in this manner. This is especially true of small 
warehouses and warehouses located in city centers. In 
these types of warehouses, the floor of the warehouse is 
often at the level of the driveway supporting the truck 
trailer. This makes loading/unloading of the truck trailer 
more difficult. The warehouse end of the extendable con- 
veyor is elevated so that the extendable section extends 



into the trailer at a proper operator height, which is 
deemed to be approximately waist high of the operator. 
Because the warehouse end needs to be elevated, the 
worker at the warehouse end must operate from an ele- 
vated platform and the conveyors servicing the extendable 
conveyor must also be elevated. Alternatively, in the case 
of a trailer unloader, a chute may be required in order to 
discharge the articles from the warehouse end of the ex- 
tendable conveyor to the warehouse floor level. 
Summary of Invention 

[0005] Th e present invention provides an extendable belt con- 
veyor which is capable of loading and/or unloading a 
truck trailer and which overcomes the deficiencies of the 
known extendable conveyors. 

[0006] An extendable conveyor, according to an aspect of the in- 
vention, includes a support structure and an extendable 
section defined by at least one boom. The extendable 
section is incrementally extendable with respect to the 
support structure between a fully retracted position and a 
fully extended position. A conveyor belt is reeved among 
the support structure and the at least one boom of the 
extendable section thereby defining a conveying surface. 
A drive is operable to reversibly drive the conveyor belt in 



opposite directions. An electro-mechanical actuator is 
provided that is operative to impede movement of the belt 
with respect to the extendable section. A control is pro- 
vided that at least partially extends the extendable section 
by controlling the drive to operate the conveyor belt in 
one direction and by controlling the electromechanical ac- 
tuator to impede movement of the conveyor belt with re- 
spect to the extendable section. The control at least par- 
tially retracts the extendable section by controlling the 
drive to operate the conveyor belt in an opposite direction 
and by controlling the electromechanical actuator to im- 
pede movement of the conveyor belt with respect to the 
extendable section. The conveyor belt conveys articles by 
the control controlling the drive to operate the conveyor 
belt in one of the directions and by controlling the elec- 
tromechanical actuator to not substantially impede move- 
ment of the conveyor belt with respect to the extendable 
section. 

[0007] An extendable conveyor, according to another aspect of 
the invention, includes a support structure and an ex- 
tendable section defined by at least one boom. The ex- 
tendable section is incrementally extendable with respect 
to the support structure between a fully retracted position 



and a fully extended position. A drive is provided at the 
support structure and a braking pulley is provided at an 
outermost one of the at least one boom. The braking pul- 
ley is made up of a cylinder and a cylinder brake. The 
cylinder brake applies a braking force to the cylinder when 
actuated. A conveyor belt is reeved among the drive and 
the braking pulley, thereby defining a conveying surface. 
A control is provided that at least partially extends the 
extendable section by controlling the drive to operate the 
conveyor belt in one direction and by actuating the brak- 
ing pulley. The control at least partially retracts the ex- 
tendable section by controlling the brake to operate the 
conveyor belt in an opposite direction and by actuating 
the braking pulley. The conveyor belt conveys articles by 
the control controlling the drive to operate the conveyor 
belt in one of the directions and by the control deactuat- 
ing the braking pulley. 
[0008] An extendable conveyor, according to another aspect of 
the invention, includes a support structure and an ex- 
tendable section defined by at least one boom. The ex- 
tendable section is incrementally extendable with respect 
to the support structure between a fully retracted position 
and a fully extended position. A drive is provided at the 



support structure and a motorized pulley at an outermost 
one of the at least one boom. A conveyor belt is reeved 
among the drive and the motorized pulley thereby defin- 
ing a conveying surface. The motorized pulley includes a 
cylinder and an electrical motor. The electrical motor ro- 
tates the cylinder when electrical energy is applied to the 
electrical motor. A control is provided that at least par- 
tially extends or retracts the extendable section control- 
ling the drive to operate the conveyor belt and controlling 
the electrical motor at a speed less than the speed of the 
drive. The conveyor belt conveys articles by the control 
controlling the drive and the electrical motor at a common 
speed to operate the conveyor belt. 
[0009] An extendable conveyor, according to another aspect of 
the invention, includes a support structure and an ex- 
tendable section made up of a plurality of booms. The 
booms are extendable between a fully retracted position 
and a fully extended position. The extendable section is 
supported in a cantilevered fashion by the support struc- 
ture. A conveyor belt is reeved among the booms, thereby 
defining a conveying surface. A drive is operable to drive 
the conveyor belt in at least one direction. At least one of 
the booms is made substantially from a unitary sheet of 



metal substantially forming a horizontal belt supporting 
surface and support sides extend from the belt supporting 
surface. The belt supporting surface supports a portion of 
the conveyor belt at the conveying surface. 

[0010] An extendable conveyor, according to an additional aspect 
of the invention, includes a support structure and an ex- 
tendable section made up of a plurality of booms. The 
booms are extended along a longitudinal axis between a 
fully retracted position and a fully extended position. The 
extendable section is supported in a cantilevered fashion 
by the support structure. A conveyor belt is reeved among 
the booms, thereby defining a conveying surface. A drive 
is operable to drive the conveyor belt in at least one di- 
rection. The extendable section is bowed when in an ex- 
tended position, wherein a central portion of the convey- 
ing surface is above an imaginary straight line extending 
between opposite end portions of the conveying surface. 

[001 1] These and other objects, advantages and features of this 
invention will become apparent upon review of the follow- 
ing specification in conjunction with the drawings. 
Brief Description of Drawings 

[0012] pig. 1 is a side elevation of an extendable conveyor illus- 
trated in its intended environment; 



[0013] pig 2 is the same view as Fig. 1 showing additional details 

of the extended conveyor in a fully extended position; 
[0014] pig. 3 is a top plan view of the extendable conveyor in Fig. 

2; 

[0015] Fig. 4 is a perspective view of the booms making up the 
mechanically extendable section of the extendable con- 
veyor; 

[0016] Fig. 5 is a side elevation of the extendable conveyor in Fig. 

2 in a fully retracted position; 
[0017] Fig. 6 is an end elevation taken from the lines VI-VI in Fig. 

3; 

[0018] Fig. 7 is an opposite end elevation taken from the lines 
VII-VII in Fig. 3; 

[0019] Fig. 8 is a top plan view of the extendable conveyor in Fig. 
1; 

[0020] Fig. 9 is a top plan view of an electrical cable take-up; 

[0021] Fig. 10 is a side sectional view of the support structure; 

[0022] Fig. 11 is a top plan view of the support structure in Fig. 
10; 

[0023] Fig. 12 is a side elevation of the first, innermost boom; 
[0024] Fig. 13 is a bottom plan view of the boom in Fig. 12; 
[0025] Fig. 14 is an end elevation taken from the direction XIV- 



XIV in Fig. 13; 

[0026] pig. 15 is an end elevation taken from the direction XV-XV 
in Fig. 13; 

[0027] pig. 16 is a side elevation of the second boom; 
[0028] Fig. 17 is a bottom plan view of the boom in Fig. 16; 

[0029] Fig. 18 is an end elevation taken from the direction XVIII— 

XVIII in Fig. 17; 

[0030] Fig. 19 is an end elevation taken from the direction XIX- 

XIX in Fig. 17; 

[0031] Fig. 20 is a side elevation of the third boom; 

[0032] Fig. 21 is a bottom plan view of the boom in Fig. 20; 

[0033] Fig. 22 is an end elevation taken from the direction XXII- 

XXII in Fig. 21; 

[0034] Fig. 23 is an end elevation taken from the direction XXIII— 

XXIII in Fig. 21; 

[0035] Fig. 24 is a side elevation of the fourth boom; 

[0036] Fig. 25 is a bottom plan view of the boom in Fig. 24; 

[0037] Fig. 26 is an end elevation taken from the direction XXVI- 
XXVI in Fig. 25; 

[0038] Fig. 27 is a top plan view of an outer end portion of the 
fourth boom; 



[0039] pig. 28 is a side elevation of the end portion in Fig. 27; 
and 

[0040] pigs. 29a-29d are a ladder diagram of a control. 
Description of the Preferred Embodiment 

[0041] Referring now specifically to the drawings, and the illus- 
trative embodiments depicted therein, an extendable con- 
veyor 10 includes a support structure, such as a support, 
or base unit, 12 and a mechanically extendable section 14 
which is supported in a cantilevered fashion by base unit 
12 (Figs. 1-8). It should be understood that the invention 
may also be used with an extendable conveyor in which 
the mechanically extendable section is not supported in a 
cantilevered fashion. Mechanically extendable section 14 
is made up of one or more subsections, or booms, 
16a-16d. In a fully extended position, innermost section 
16a is supported in a cantilevered fashion from base unit 
12, and each successive subsection is supported in a can- 
tilevered fashion from the next inner subsection up to 
subsection 16d, which is an outermost subsection. It 
should be understood that although the invention is illus- 
trated with four extendable subsections, a greater or 
lesser number of subsections may be utilized. Also, a user 



interface section (not shown) may be supported at an end 
portion of mechanically extendable section 14 as illus- 
trated in commonly assigned United States Patents 
6,006,893; 6,484,862; and 6,533,096, the disclosures of 
which are hereby incorporated herein by reference. 
[0042] a continuous conveyor belt 18 is reeved among the base 
unit and the booms of the mechanically extendable sec- 
tion in order to define a conveying surface 19 supported 
by a belt support surface 20 defined by the uppermost 
portions of the booms 16a-16d and base unit 12, as illus- 
trated in Fig. 4. Belt 18 is driven primarily by a drive unit 
22 and provided under proper tension by a take-up device 
24 as is generally known in the art. Extendable conveyor 
10 includes a control 58 for controlling drive unit 22 and 
end pulley 28. Control 58 receives inputs from an opera- 
tor panel 60 located at an outer end of outermost boom 
16d. Operator panel 60 includes an input device 61, such 
as a joystick, or the like, which provides an operator the 
ability to extend and retract the extendable section 16 as 
well as to lower and raise the end of extendable section 
16, such as by controlling one or more mounts 52 for the 
base unit. Mounts 52 may be hydraulic cylinders, electri- 
cally driven screws, or the like. As can be seen by refer- 



ence to Fig. 27, control panel 60 may be duplicated on 
opposite lateral sides of boom 16d in order to allow con- 
trol from either lateral side thereof. Control 58 may addi- 
tionally receive inputs from an emergency stop (E-stop) 
switch 59 on operator panel 60 and/or from a stop bar 57 
at an outermost end portion of outermost boom section 
16d. E-stop button 59 allows the operator to stop all ac- 
tivity of the extendable conveyor and stop bar 57 shuts 
down the extension of the extendable conveyor should it 
encounter a stationary object. Control 58 may be embod- 
ied in a commercially available programmable logic con- 
troller, programmed with a ladder diagram 70 (Figs. 
29a-29d). Alternatively, control 58 can be embodied in 
hard-wired relay logic, dedicated computer-based con- 
trollers, or the like. 
[0043] Mechanically extendable section 14 is extendable by driv- 
ing conveyor belt 18 outwardly and retractable by driving 
the conveyor belt inwardly in combination with an elec- 
tromechanical actuator for impeding belt 18 with respect 
to mechanically extendable section 14 when actuated. The 
electromagnetic actuator may be a brake device incorpo- 
rated in an end pulley 28 of outermost subsection 16d. 
Alternatively, the electromagnetic actuator may be an 



electromechanical clamp, which substantially clamps the 
belt with respect to the mechanically extendable section, 
such as an external grasping member, or the like. In the 
illustrative embodiment, electromagnetic actuator 26 may 
be an electric brake, which may act through a gear set be- 
tween a shaft of end pulley 28 and a rotating outer cylin- 
der, or drum 29, of pulley 28 to impede rotation of the 
cylinder when actuated. 
[0044] Extendable section 14 may be extended as follows. The 
drive belt 18 is stopped and control 58 causes the elec- 
tromagnetic actuator to be actuated. This may be accom- 
plished by the operator operating input device 61. This 
impedes movement of the belt with respect to the me- 
chanical extendable section. The belt is driven with the 
uppermost surface driving outwardly which extends the 
extendable section outwardly. Once the extendable sec- 
tion is extended to the desired extend, control 58 deactu- 
ates the actuator and drive unit 22 propel belt 18 in either 
direction. This causes the conveyor to operate conveying 
surface 19 to convey articles into or out of the trailer. In 
order to retract the extendable section, the belt is stopped 
and the electromagnetic actuator is actuated. The belt is 
driven in a reverse direction by drive unit 22 with the up- 



permost surface driven toward base unit 12. This retracts 
the extendable section to the desired amount of exten- 
sion. The electromagnetic actuator is then deactuated and 
the drive unit is operated to drive the belt in the desired 
direction. The ability to advance and retract the extend- 
able section without the need of separate chains allows a 
lower guard 49 to be placed over each subsection 
16a-16d. This enhances operator safety. 
[0045] | n y e t another alternative embodiment, the electromag- 
netic actuator may be a motorized end pulley 28. Such a 
motorized pulley, which is known in the art, includes an 
electrical motor which drives the outer cylinder or drum 
29 of the pulley through a speed reduction gear set. The 
electric motor and gear set may be either internal or ex- 
ternal with respect to the outer cylinder. When used in ex- 
tendable conveyor 10, such a motorized pulley operates 
as follows. In order to extend the extendable section, 
control 58 rotates the cylinder of the motorized pulley at 
a speed that is less than the speed that drive unit 22 is 
driving conveyor belt 18. This relative motion between 
drive unit 22 and pulley 28 causes extension or retraction 
of extendable section 16. In one embodiment, an electro- 
magnetic brake is provided with the motorized pulley 28. 



Such a brake, which may operate on an output of the mo- 
tor, brings rotation of cylinder 29 to a halt when electrical 
energy is removed from motorized pulley 28. Thus, with a 
brake associated with motorized pulley 28, the speed of 
the motorized pulley is zero in order to extend extendable 
section 16. The same occurs in order to retract the ex- 
tendable section, except the control is operating the drive 
unit in the opposite direction to move the upper portion 
of the belt towards the base unit 12. Once the operator 
releases the input device, control 58 controls both the 
drive unit 22 and the motorized end pulley 28 at a com- 
mon speed. Because both the drive unit and the motor- 
ized end pulley can be driven in either direction, they may 
be operated in this fashion to drive the conveyor belt out- 
wardly in order to load articles to the truck or inwardly in 
order to unload articles from the truck. Because the drive 
unit and the motorized end pulley are operated in syn- 
chronism at generally the same speed to conveyor articles, 
the extendable section is maintained in a partially ex- 
tended position. This may be accomplished without the 
requirement for friction devices. The use of a motorized 
end pulley allows the motor internal to the cylinder 
thereof to overcome any friction of its speed reducer 



thereby relieving the drive unit 22 of performing that ad- 
ditional function. 

[0046] | n the illustrative embodiment, drive unit 22 is a 2 HP mo- 
tor capable of operation up to 80 feet per minute. Motor- 
ized end pulley 28 is a 1/2 HP motor capable of operation 
at 80 feet per minute. Such a motorized pulley is com- 
mercially available from Vander Graaf Corporation. 

[0047] other embodiments of the invention may be apparent to 
those skilled in the art. For example, rather than utilizing 
a brake in the motorized pulley, the motorized pulley 
could be operated at a different non-zero speed from the 
drive unit in order to incrementally extend or retract the 
extendable section 16. By way of example, if the motor- 
ized pulley is operated at a lesser speed than the drive 
unit while the conveying portion of the conveyor belt is 
being driven outwardly, the extendable section may be 
extended. Likewise, if the motorized pulley is operated at 
a lower speed than the drive unit while the conveying por- 
tion of the conveying belt is driven toward the base unit, 
the extendable section may be retracted. Other modifica- 
tions may suggest themselves to those skilled in the art. 

[0048] if needed to ensure that mechanically extendable section 
14 only extends or retracts when electromagnetic actuator 



26 is actuated, an optional friction device 30 may be pro- 
vided at the interface between one or more subsections 
16a-16d and between extendable section 14 and support 
12. Friction device 30 may be stationary and provide an 
amount of friction, which may be overcome by drive unit 
22 propelling belt 18. Alternatively, friction device 30 may 
be removable, retractable, or thereby being capable of 
providing even additional friction between a subsection 
and another subsection or the base unit. In the illustrative 
embodiment, friction device 30 may be a surface defined 
by a polymeric member which engages a sidewall 
32a-32d of the adjacent subsection. In the illustrative 
embodiment, friction device 30 may apply a friction force 
in the range of between 20 to 100 pounds of resistance to 
the extension or retraction of the mechanically extendable 
section. It should be understood that friction device 30 is 
optional and may not be required in all applications. 
[0049] a cable (not shown) extends generally continuously from 
control 58 to operator panel 60 and end pulley 28. In or- 
der to accommodate slack in the cable as the extendable 
section 16 retracts, a cable take-up 62 is provided (Fig. 
9). Cable take-up 62 includes a stationary sheave assem- 
bly 64, containing one or more sheaves and a movable 



sheave assembly 66 containing one or more moveable 
sheaves 63. Moveable sheave assembly 66 includes a plu- 
rality of grooved wheels 65 which freely move along a set 
of rails 67. A biasing device 68, such as one or more gas 
springs, is interconnected with moveable sheave assembly 
66, such as by a cable 69. 
[0050] The electrical cable (not shown) is reeved around sheaves 
63 and 64 multiple times and is then reeved throughout 
the booms 16a-16d to the end pulley 28 and the operator 
panel 60. The electrical cable is guided by a cable guide 
roller 47 at a rear portion at each of the booms. In opera- 
tion, as the electrical cable is paid out as the extendable 
section is extended, moveable sheave assembly 66 is 
drawn towards stationary sheave assembly 64 which bi- 
ases biasing device 68. As the extendable section is re- 
tracted, the slack created in the electrical cable allows bi- 
asing device 68 to pull moveable sheave assembly 66 
away from stationary sheave assembly 64 thereby taking 
up the slack in the electrical cable. An advantage of cable 
take-up 62 is that it accommodates non-coordinated 
movement of the extendable sections, or booms, 
16a-16d. This is accommodated in a manner that does 
not require any slip rings as is conventional in prior cable 



take-up devices. This enhances the reliability of the con- 
trol system. 

[0051] one or more subsections 16a-16d may each be made 

from a single sheet of metal which is formed, such as us- 
ing a press-brake, in a manner which defines a portion of 
belt support surface 20 and corresponding side members 
32a-32d on the respective booms. By forming one or 
more of the booms substantially of a unitary sheet of 
metal, the extendable conveyor may be made lighter in 
weight. In addition, the necessity for welding is eliminated 
or, at least, significantly reduced. As best illustrated in 
Fig. 4, a pair of horizontal tracks 42, 51 may be formed in 
respective side members 32c, 32b of respective booms 
16c, 16b in order to provide cantilevered support for ad- 
jacent booms. While the base unit 10 may also lend itself 
to manufacture from a single sheet of metal, at least one 
side bracket 34 may be welded to side 32e of base mem- 
ber 12 in order to provide cantilevered support for me- 
chanically extendable section 14. Moreover, some of the 
booms may be made by two or more sheets of metal 
joined by a reinforcing plate as illustrated by top plate 32f 
in Fig. 15. 

[0052] a cantilevered support 36 is provided at an inner end por- 



tion of outer subsection 16d which is fully mounted to the 
outer subsection and which does not change irrespective 
of the position of subsection 16d with respect to subsec- 
tion 16c. Cantilever support 36 is provided by one or 
more upper rollers 38 at an inwardmost portion of sub- 
section 16d and at least one lower roller 40 spaced out- 
wardly of roller 38. With rollers 38 and 40 mounted to 
subsection 16d, they provide generally constant support 
for section 16d irrespective of the position of section 16d 
with respect to the next innermost section 16c. Roller 38 
engages a lower surface of support surface 20 of subsec- 
tion 16c. Lower rollers 40 engage a track 42 formed in 
sidewall 32c. The next most inward support section 16c 
includes a support assembly 46 at an innermost portion of 
subsection 16c and at least one support roller 48 
mounted at a forward portion of the next most inward 
subsection 16b. Support assembly 46 includes a pair of 
upper and lower rollers 50, the upper one of which oper- 
ates against an upper surface of subsection 16b, which is 
defined below support surface 20. The lowermost support 
roller 50 operating in a track 51 formed in sidewall 32b of 
subsection 16b. The remaining subsections are supported 
generally in the manner disclosed in the '809 patent. 



[0053] As with the '809 patent, the innermost portion of the sup- 
port for one or more subsections 16a- 16d may be verti- 
cally adjustable. With the innermost portion of each sub- 
section adjusted upwardly, the conveying surface defined 
by belt 18 may be bowed whereby, with the extendable 
unit extended, a central portion 56 thereof may be verti- 
cally higher than an imaginary straight line L intercon- 
necting pulley 28 and an upper end portion 54 of base 
unit 12. This allows end portion 54 to be lower than a 
central portion 56 while allowing the unit to fit within the 
truck. One or both mounts 52 may be vertically adjustable 
as illustrated in the '809 patent in order to allow the inner 
portion of the conveying surface to slope upwardly toward 
the trailer. 

[0054] This particular arrangement of the extendable conveyor 
10 is especially useful where the extendable conveyor is 
positioned at a surface that is generally of the same ele- 
vation to the surface which supports the trailer, as illus- 
trated in Fig. 1. This allows the base unit 12 to be gener- 
ally at or below the level of the floor of the truck while al- 
lowing the extendable section 16 to clear the truck door 
opening without raising the outermost end portion of the 
extendable section too high above the floor of the truck. 



This allows any conveyor connected with end portion 54 
to be closer to floor level and also allows any operator 
station at base unit 12 to be able to stand at/or near the 
floor. Moreover, the positioning of the outer end portion 
of the extendable section closer to the floor of the truck 
provides for ergonomic use of extendable conveyor 10. 
[0055] it should be apparent to the skilled artisan that, while the 
various features of the invention are illustrated herein as 
being used together, these features may have individual 
application in the art. Changes and modifications in the 
specifically described embodiments can be carried out 
without departing from the principles of the invention 
which is intended to be limited only by the scope of the 
appended claims, as interpreted according to the princi- 
ples of patent law including the doctrine of equivalents. 



